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Background: Fulminant myocarditis is a rare, life-threatening condition. Decompensated heart failure caused by fulminant
myocarditis is managed with inotropic agents, mechanical ventilation, and mechanical circulatory support. Levosimendan is
a novel inotropic agent that also has vasodilatory and cardioprotective properties. However, information about levosimendan
use in children is limited in the literature.

Case Report: We report the full recovery of a 3.5-year-old male patient with an inotrope-resistant heart failure treated with
levosimendan therapy who was diagnosed as having fulminant myocarditis after presenting with acute decompensated heart
failure and low cardiac output.

Conclusion: Levosimendan therapy may offer an effective treatment for children with acute decompensated heart failure
secondary to fulminant myocarditis resistant to standard therapy.
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Fulminant myocarditis (FM) is a condition associated with a high mortality and morbidity risks, that results from
myocardial inflammation mostly of viral origin and leads to acute heart failure (HF) (1). Herein, we report the case
of a patient with severe HF resistant to other inotropics who was diagnosed as having FM on the basis of the
presence of acute pulmonary edema and symptoms attributable to low cardiac output caused by acute HF. We also
discuss levosimendan use in children with reference to available literature data.

A 3.5-year-old male patient presented to our clinic with cough and hoarseness. On physical examination, his gen-
eral condition was good. He had stridor but had otherwise normal breath sounds on auscultation. His heart rate
was 140 bpm and blood pressure was 85 (25"-50t% percentile)/55 mmHg (50"—90™ percentile). He underwent
close follow-up and received cold vapor, oxygen by mask, intravenous (IV) dexamethasone, IV fluid, and vital sign
monitoring. However, he developed dyspnea, tachypnea, and sinus tachycardia later in the clinical course. As
arterial blood gas analysis revealed decompensated respiratory and metabolic acidosis, and he developed brady-
cardia, he was intubated and connected to a mechanical ventilator 6 hours after admission. His posteroanterior
chest radiography revealed diffuse consolidation consistent with pulmonary edema and cardiomegaly. His electro-
cardiogram showed sinus tachycardia and ST depression, and T negativity at II, Ill, aVF, and V, , derivations (Fig.
1). Transthoracic echocardiography (TTE) revealed left ventricular dilatation, second-degree mitral regurgitation,
severe left ventricular systolic dysfunction (EF; 37%), and normal coronary artery origin. The troponin level was 2.3
ng/ml (normal range, 0-0.1 ng/ml); and N-terminal B-type natriuretic peptide (NT-pro BNP) level, >35,000 pg/dl
(normal range, 0-125 pg/ml). Adrenaline (0.1 pg/kg/min infusion) and milrinone (50 pg/kg loading dose over 60
minutes followed by 0.5 pug/kg/min infusion) were administered as inotropic support; IV furosemide (1 mg/kg/dos-
age 2 or 3 times a day) and spironolactone (1 mg/kg/day dosage) via a nasogastric tube for diuretic treatment; and
methylprednisolone (1 mg/kg/day IV) and IV immunoglobulin (1 gram/kg) therapy for immune system modulation.
The polymerase chain reaction examination of a nasal swab sample revealed influenza A positivity. Oseltamivir
phosphate therapy was commenced via an oral route as antiviral treatment. The patient later developed ventricular
tachyarrhythmias treated with IV amiodarone and cardioversion. Despite all the above-mentioned therapies, the
patient had persistent tachycardia. In addition, he developed oliguria, worsened renal function, and persistently
reduced cardiac systolic function. Therefore, he was treated with levosimendan (12 ng/kg loading dose over 10
minutes followed by 0.1 nug/kg/min infusion for 24 hours) on the third day of admission. His left ventricular systolic
function began to recover 24 hours after levosimendan loading. His reduced urine output increased clinically, and
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Electrocardiogram showing sinus tachycardia, ST
depression, and T negativity at the II, IlI, aVF, and V, ; der-
ivations

the signs of pulmonary and systemic congestion and tachycardia
subsided. He was extubated on the seventh day of mechanical ven-
tilation. His inotropic support was tapered and then stopped. At
the end of the second week, a TTE examination showed normal
systolic cardiac function and no valvular regurgitation. Cardiac MRI
examination and catheterization procedure were not required. The
patient was discharged as cured and sent home with a prescription
of oral amiodarone treatment for ventricular tachycardia prophylax-
is. Informed consent was obtained from the family.

The main cause of acute myocarditis in children is viral infections.
Enterovirus, adenovirus, parvovirus, and herpes virus are the most
common pathogens (2). While influenza A is known to be a rare
etiological cause of acute myocarditis, Matsuura et al. (3) reported
that it was one of the most common pathogens among 50 children
with myocarditis in whom the causative virus was identified. Pa-
tients with FM may present with acute decompensated HF, cardio-
genic shock, ventricular arrhythmia, or cardiac arrest. In children
with FM, cardiovascular collapse has been reported as the main
cause for performing cardiopulmonary resuscitation and mechan-
ical ventilation use (4). The mortality rates in acute FM are much
higher than those in acute myocarditis. Moreover, a significant pro-
portion of those who survive will develop dilated cardiomyopathy,
where heart transplant will be the ultimate treatment option (5).

DiFlippo (2) reported that a better understanding of pathologi-
cal mechanisms, using novel diagnostic techniques, applying tar-
get-oriented therapies, and using mechanical circulatory support
may improve the prognosis of children with myocarditis. In addition
to the approach, we opine that myocarditis should be kept in mind
in differential diagnosis to prevent diagnostic delay and that appro-
priate selection of inotropic agents with favorable effects on hemo-
dynamics for treatment would contribute to improved survival rates.

FM should be considered in the differential diagnosis of cases with
signs such as disproportionate tachycardia as compared with re-
spiratory distress, respiratory difficulty, hepatomegaly, low cardiac
output, high NT-pro BNP and troponin I levels, ST-T changes in
ECG, and cardiomegaly and pulmonary edema on posteroanterior
chest radiography.
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We initially preferred to use milrinone, an effective inotropic agent
that also possesses vasodilator and lusinotropic actions, and adren-
aline, an inotrope with vasodilatory effects at lower doses and va-
soconstrictor action at higher doses (>0.1 pg/kg/min). Hence, we
aimed to lower afterload by reducing the systemic vascular resis-
tance already heightened in HF to exert an inotropic action on
severely reduced cardiac systolic function. Although we applied a
loading dose of milrinone, we did not observe hypotension, which
is a possible side effect of the therapy.

We are of the opinion that in cases with persistently decompensated
HF resistant to standard therapy, full clinical recovery achieved after
administering levosimendan may be a result of the mechanism of ac-
tion of levosimendan, which is distinct from those of the other med-
ications used, and of a synergistic action with those medications.

Levosimendan exerts an inotropic action by increasing the sensi-
tivity of troponin C to calcium in myocardial cells and a vasodila-
tor action by opening adenosine triphosphate-sensitive potassium
channels in smooth muscle cells. In addition, experimental studies
have shown that it effectively protects myocardial cells by open-
ing adenosine triphosphate-sensitive potassium channels in mito-
chondria (6). In conclusion, levosimendan administration augments
contraction without affecting ventricular relaxation and increasing
myocardial oxygen consumption while augmenting cardiac output
by reducing systemic vascular resistance. Currently, the levosimen-
dan pharmacokinetics in children is not well known (7).

Few studies about levosimendan use in children have reported
good tolerance of the medication, and only transient hypotension
and tachycardia may have developed at the beginning of infusion
(8). Pedrosa et al. (9) reported that they achieved safe and effective
outcomes when they administered levosimendan without a load-
ing dose in 32 patients assigned to three different groups, namely
those who had received cardiac surgery, those who had severe
HF due to dilated cardiomyopathy, and those with severe HF sec-
ondary to other causes. Kushwah et al. (10) reported a similar im-
provement as in our case after levosimendan use in a 12-year-old
girl with HF refractory to standard therapy.

Levosimendan therapy may offer an effective treatment for chil-
dren with acute decompensated HF secondary to FM that is resis-
tant to standard therapy. We believe that more experience about
the use of the drug would broaden the range of clinical indications
for its use and thus may minimize the need for mechanical circu-
latory support.

Written informed consent was obtained from patients
who participated in this study.
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